SHAFT AND MANUFACTURING METHOD THEREOF 



INCORPORATION BY REFERENCE 



The disclosure of Japanese Patent Application No. 2002-286481 filed on 
September 30, 2002 including the specification, drawings and abstract is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 Field "f the. Invention 

The present invention relates to a shaft that is installed in an automobile and in 
various types of industrial machine and a manufacturing method thereof. 

7 Desc ription of the. Related Art 



Conventionally, a shaft used in a constant velocity joint, or the like, has a 
shank having a splined portion provided at an outer peripheral surface. Furthermore, 
a large diameter portion having a diameter larger than a diameter of the outer 
periphery of the splined portion is provided at an end portion of the splined portion in 
the direction that a fitting member such as an inner race is inserted onto the splined 
portion. When the fitting member is fitted, the large diameter portion acts as a 
stopper for stopping the fitting member. 

In order to make this type of shank, first, as shown in FIG. 9 (a), a shank 100 
having a main portion 105 with a constant radius with respect to a shaft axis; a slanted 
portion 102; and a large diameter portion 101 is prepared. The slanted portion 102, as 
shown in FIG. 9 (b), is formed from a tapered portion 102a and a curved portion 102b 
that extend continuously from a portion adjacent to the large diameter portion 101. 

When this shank 100 is machine formed, as shown in FIG. 10 (a), a small 
diameter portion 103 and a splined portion 104 are formed in the main portion 105 in 
this order, from the larger diameter 101 portion side thereof. The small diameter 
portion 103 is provided so as to inhibit interference between the large diameter 
portion 101 and cutting tool when the splined portion 104 is being machined. In 
addition, the diameter of the small diameter portion 103 is constant along its entire 
length. Further, normally, the diameter of the small diameter portion 103 is larger 



than a diameter of a groove portion 104a of the splined portion 104, and smaller than 
a diameter of the main portion 105 prior to machining of the splined portion 104. 

A cut back portion 104b is formed at a portion that runs from the groove 
portion 104a of the splined portion 104 to the small diameter portion 103. This cut 
back portion 104b, as shown in FIG. 10 (b), is formed from a tapered portion 104b2 
and a curved portion 104bl that extend successively from the small diameter portion 
103 side. 

As shown in FIG. 11, a fitting member 200, which acts as an inward joint 
member of the constant velocity joint, having a splined portion 204 that faces the 
large diameter portion 101 is fitted onto the shank 100 configured as described above. 
At this time, the fitting member 200 abuts with the slanted portion 102. When this 
occurs, load is applied from the fitting member 200 to the slanted portion 102 (in the 
direction shown by the arrow in FIG. 10(b)). Moreover, in the constant velocity joint, 
load applied to a tooth flank of the splined portion 104 is applied to the cut back 
portion 104b and stress concentration occurs between the cut back portion 104b and 
the small diameter portion 103. 

In order to more fully understand the state of this stress concentration with the 
above described conventional shaft, as an example, FIG. 7 shows tensile stress 
exerted in the direction along with the shaft axis of the shank 100 when the fitting 
member 200 is fitted. It should be noted that, as shown in FIG. 11, a starting position 
on the side of the large diameter portion 101 of the splined portion 104 of the shank 
100 is taken as PI, and a fitting starting position of the splined portion 104 for fitting 
with the fitting member 200 is taken as P2. 

As shown by FIG. 7, it is clear that substantial tensile stress is exerted in an 
area between PI and P2, and in the area from P2 to the vicinity of the shank end 
surface side. 

Accordingly, a structure has been proposed (refer to Patent Document 1) for 
reducing this stress concentration of the small diameter portion 103 between the cut 
back portion 104b and the large diameter portion 101. 

This structure is configured such that a smooth portion with a diameter smaller 
than the groove portion 104a of the splined portion 104 is provided at the small 

diameter portion 103. 

(Patent Document 1) Japanese Patent Publication Laid-Open No. Hei. 09- 

042303 paragraph [0015] and [0016], and FIG. 2. 



However, although stress concentration in the vicinity of the cut back portion 
104b is reduced in the case of the invention disclosed in Patent Document 1, the 
portion with the small diameter is formed in the shank itself. In other words, the 
smooth portion with the diameter smaller than the diameter of the groove portion 
104a of the splined portion 104 is formed in the shank, and thus the strength of the 
shank is impaired. 

SUMMARY OF THE INVENTION 

In light of the aforementioned circumstances, it is an object of the present 
invention to provide a shaft that can reduce stress concentration that occurs locally 
whilst maintaining strength of a shank, and to provide a manufacturing method that 
allows easy manufacturing of such a shaft. 

In order to achieve the above objects, according to a first aspect of the present 
invention, a shaft includes a shank with a splined portion that is spline engaged with a 
fitting member, and an external diameter portion that is formed separately from the 
splined portion, both the splined portion and the external diameter portion being 
formed in an outer peripheral surface of the shank. This shaft is provided with any 
one of a curved portion; a plurality of curved portions; and a plurality of curved 
portions and at least one straight portion, that extend continuously so as to connect a 
cut back portion formed at an end portion of a groove portion of the splined portion 
and the external diameter portion. 

It should be noted that in the present invention, the term "splined portion- 
indicates a portion provided with a plurality of slots that are formed parallel to a shaft 
axis of the shank, or a portion that has serrations with an inverted triangular chevron 

cross-sectional shape. 

A shaft according to the first aspect of the present invention may be formed 
with a large diameter portion which has a diameter that is larger than a diameter of an 
external periphery of the splined portion at an end portion of the external diameter 
portion of the shaft at the splined portion side. Further, a tapered portion which stops 
the fitting member may be provided at a side surface of the large diameter portion at 

the splined portion side. 

In addition, the shaft according to the first aspect of the present invention may 
be provided with an end portion at the external diameter portion side.of the shaft of 



the curved portion. This end portion is formed so as to be further from the shaft axis 
of the shank than the cut back portion. 

Moreover, the shaft according to the first aspect of the present invention may 
be provided with two of the curved portions. 

In addition, the shaft according to the first aspect of the present invention may 
be provided with two of the straight portions. 

As a result of the above, the first aspect and its various configurations allow 
the strength of the shank itself to be maintained while reducing stress concentration 

that occurs locally. 

According to a second aspect of the present invention, a manufacturing 
method for manufacturing the shaft according to the first aspect or any of its 
configurations, includes the steps of: forming the splined portion with a 
predetermined shape by cold forging, machining and component rolling; forming the 
curved portion by component rolling; and conducting quenching. 

In addition, according to the second aspect of the present invention, a step of 
shot peening may be conducted after conducting quenching. 

As a result of the above, the configurations of the second aspect of the present 
invention make it possible to easily manufacture the aforementioned shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIG. 1 is a cross sectional view of a portion of a shaft according to a first 
embodiment; 

FIG. 2 is an enlarged side view of the same portion as FIG. 1; 

PIG. 3 is an enlarged side view of a shaft of a second embodiment; 

FIG. 4 is an enlarged side view of a shaft of a third embodiment; 

FIG. 5 is an enlarged side view of a shaft of a fourth embodiment; 

FIG. 6 is an enlarged side view of a shaft of a fifth embodiment; 

FIG. 7 is a graph showing a relationship of length in an axial direction and 
tensile strength of a conventional shaft; 

FIG. 8 (a) is a chart showing applied stress ratios for each portion of 
respective shafts of the first to fourth embodiments; 

FIG. 8 (b) is a graph showing applied stress ratios for each portion of 
respective shafts of the first to fourth embodiments; 



PIG. 9 (a) is a side view of a conventional shaft prior to machining; 
FIG. 9 (b) is an enlarged portional side view of a conventional shaft prior to 
machining; 

PIG 10 (a) is a enlarged side view of the same conventional shaft; 
FIG. 10 (b) is a further enlarged portional side view of the same conventional 
shaft; and 

FIG. 11 shows a side view of the conventional shaft when a fitting member 
has been fitted. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

Hereinafter, a first embodiment, which is a concrete embodiment of the 
present invention as a shaft for a universal joint, namely, a tripod joint, will be 
explained in detail with reference to FIG. 1 and FIG. 2. 

As shown in FIG. 1, a shank 10 is provided at an end of a shaft 1. A splined 
portion 14 and a large diameter portion 11 which acts as an outer diameter portion and 
which is positioned separately from the splined portion 14 are formed on the shank 
10. This large diameter portion 11 has a diameter that is larger than an outer 
periphery of the splined portion 14. 

In this embodiment, in the splined portion 14, a plurality of slots (hereinafter 
referred to as "groove portion 14a") are formed in parallel to a shaft axis of the shank 
10, and a plurality of splines 14c are formed along a circumferential direction of the 
shank 10. A radius of the groove portion 14a is constant with respect to the shaft axis 
of the shank 10, with the exception of an end portion near to the large diameter 
portion 11. 

In addition, an inward joint member 2 of the tripod joint, which acts as a 
fitting member, is press fitted to the splined portion 14- 

A tapered portion 12 that stops the inward joint member 2 is provided in a side 
surface of the large diameter portion 11 on the splined portion 14 side. This tapered 
portion 12 is formed such that its diameter with respect to the shaft axis of the shank 
10 becomes smaller in a linear manner, as the tapered portion 12 extends from an 
external peripheral surface of the large diameter portion 11 toward the splined portion 
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14 side. Moreover, an end portion of the tapered portion 12 at the splined portion 14 
side will be referred to as a "small diameter end portion". 

As shown in FIG. 2, the end portion of the groove portion 14a near to the large 
diameter portion 11 is formed as a curved portion, namely, a cut back portion 14b, 
5 that extends continuously with a second curved portion 13b. Accordingly, there is a 
diameter difference dl between the diameter of a portion of the groove portion 14a of 
the splined portion 14, excluding the cut back portion 14b, and the diameter of the end 
portion of the second curved portion 13b near to the splined portion 14. 

Furthermore, a first curved portion 13a as a curved portion; a flat portion 15 
10 that is a straight portion that has a diameter that is constant with respect to the shaft 

axis; and the second curved portion 13b as a curved portion, are provided in this order 
from the tapered portion 12 side, so as to extend continuously and be interposed 
between the small diameter end portion of the tapered portion 12 and the cut back 
portion 14b. In other words, two curved portions and one straight portion are 
15 provided between the cut back portion 14b and the tapered portion 12. 

The end portions of the first and second curved portions 13a and 13b at the 
large diameter 11 side are formed so as to have respective radiuses with respect to 
(distance from) the shaft axis of the shank 10 that are larger than that of the cut back 
portion 14b. 

20 Next, a manufacturing method of the shaft 1 will be explained. 

First, the shank 10 is manufactured as was explained with reference to the 
conventional art as shank 100. In addition, by conducting cold forging, machining 
and component rolling, the splined portion 14 is formed so as to have a predetermined 
shape. At this time, the groove portion 14a, including the cut back portion 14b, is 
25 formed. 

Following this, the second curved portion 13b, the flat portion 15 and the first 
curved portion 13a are formed by conducting component rolling. The forming of 
each of these portions is executed continuously in order. 

Following this, quenching is executed, and then shot peening of the portion 
30 including the second curved portion 13b, the flat portion 15, the first curved portion 
13a and the tapered portion 12 is conducted. 

Next, the operation of the shaft 1 having the aforementioned configuration will 

be explained. 



As described previously, the first curved portion 13a, the flat portion 15, and 
the second curved portion 13b are provided so as to interpose between the tapered 
portion 12 and the cut back portion 14b. 

Load is applied to the tapered portion 12 along the direction of the shaft axis 
of the shank 10 (the direction indicated by the arrow shown in FIG. 2) by the inward 
joint member 2. Accordingly, this load is not dispersed over the surface that is 
parallel to the load application direction, namely, the flat portion 15. However, the 
load is transmitted to the first and second curved portions 13a and 13b from the 
tapered portion 12. As a result, stress concentration occurence in the tapered portion 
12 is reduced. 

Furthermore, by providing both the first curved portion 13a and the second 
curved portions 13b between the tapered portion 12 and the cut back portion 14b, the 
diameter difference dl is reduced as compared to that of the conventional shank. 

In FIG. 2, the externality of the conventional shaft, which is configured by 
splined portion 104 and small diameter portion 103, is indicated by two-dotted chain 
line. Further, text H indicates the size of the small diameter portion 103 of the 
conventional shaft. As can be seen from FIG. 2, there is a diameter difference dO 
between the diameter of the conventional groove portion of the splined portion and 
the diameter of the tip portion of the small diameter portion on the splined portion 
side. 

As a result, as compared to the conventional shank, the size in the radial 
direction of the cut back portion 14b is made smaller. Accordingly, strength of a 
diameter periphery portion of a spline pitch circle is reduced as compared to the 
conventional shank, and the splines 14c become easier to bend in a circumferential 

direction of the shank 10. 

As a result, during the operation of the tripod joint, when the tooth flanks of 
the splines 14c are subjected to load, an external periphery end portion of the splined 
portion 14 bends in the direction of the subjected load to absorb the subjected load. In 
this manner, the load applied to the tooth flanks of the splines 14c is reduced, and thus 
the stress concentration that occurs in the cut back portion 14b is reduced. 

Moreover, by adjusting the diameter difference dl such that the load applied 
in the circumferential direction of the splined portion 14 is applied to the tooth flanks 
of the splines 14c, it is possible to further reduce the load that is applied to the cut 
back portion 14b. 
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As a result, the following effects can be obtained with the shaft 1 and the 
manufacturing method of the first embodiment: 

(1) According to the first embodiment, the cut back portion 14b of the splined 
portion 14 and the tapered portion 12 are continuously connected by the two curved 
portions, namely, the first and second curved portions 13a and 13b, and the one flat 
portion 15. 

Accordingly, the strength of the shank 10 itself can be maintained while 
reducing stress concentration that occurs locally. 

(2) Furthermore, the respective end portions of the first and second curved 
portions 13a and 13b at the large diameter portion 11 side are formed to have larger 
radiuses with respect to (distance from) the shaft axis of the shank 10 than that of the 
cut back portion 14b. Accordingly, the diameter of the shank 10 gradually expands 
from the cut back portion 14b to the tapered portion 12, and thus it is possible to 
maintain the strength of the shank 10 itself while reducing stress concentration that 
occurs locally. 

(3) In addition, in the first embodiment, both the first curved portion 13a and 
the second curved portion 13b are provided. Accordingly, the diameter of the shank 
10 gradually expands in a stepped manner from the cut back portion 14b to the 
tapered portion 12. As a result, it is possible to maintain the strength of the shank 10 
itself while reducing stress concentration that occurs locally. 

(4) Furthermore, the shaft according to the first embodiment is manufactured 
by a method in which the splined portion 14 is formed in a predetermined shape by 
conducting cold forging, machining and component rolling. Following this, the first 
curved portion 13a, the flat portion 15 which is a straight portion and the second 
curved portion 13b are formed using component rolling. Then, quenching is 
executed. Accordingly, it is possible to form the portion between the tapered portion 
12 and the cut back portion 14b with a single execution of component rolling. Thus, a 
simple manufacturing method is provided that allows manufacture of a shaft that 
provides the effects described in (1) to (3) above. 

(5) Moreover, following quenching, shot peening is executed. Accordingly, 
this simple manufacturing method makes it possible to improve the fatigue strength of 

the shaft 1. 

(Second Embodiment) 



Next, a shaft according to a second embodiment of the invention will be 
explained with reference to FIG. 3. It should be noted that in the explanation of the 
second embodiment, and the other following embodiments, structural members that 
are the same as those of the first embodiment will be denoted with the same reference 
characters and their explanation omitted. Accordingly, only points of difference will 
be explained. Moreover, since the manufacturing method of respective shafts 1 of 
each of the following embodiments is the same as that of the first embodiment, an 
explanation of this manufacturing method will be omitted. 

In the second embodiment, as shown in FIG. 3, the configuration of the shank 
10 between the cut back portion 14b of the splined portion 14 and the small diameter 
end portion of the tapered portion 12 is different to that of the previous embodiments. 
Namely, a first curved portion 23a and a second curved portion 23b having a radius of 
curvature that is larger than that of the first curved portion 23a are interposed and 
extend continuously in this order between the cut back portion 14b and the tapered 
portion 12, from the tapered portion 12 side. Namely, two curved portions are 
provided between the cut back portion 14b and the tapered portion 12. 

End portions of the first and second curved portions 23a and 23b at the large 
diameter portion 11 side are formed so as to have respective radiuses with respect to 
(distance from) the shaft axis of the shank 10 that are larger than that of the cut back 
portion 14b. 

Moreover, as with the first embodiment, there is a diameter difference d2 
between the diameter of a portion of the groove portion 14a of the splined portion 14, 
excluding the cut back portion 14b, and the diameter of the end portion of the second 
curved portion 23b near to the splined portion 14. 

In FIG. 3, the externality of the conventional shaft, which is configured by 
splined portion 104 and small diameter portion 103, is indicated by two-dotted chain 
line. Further, text H indicates the size of the small diameter portion 103 of the 
conventional shaft. As can be seen from FIG. 3, there is a diameter difference dO 
between the diameter of the conventional groove portion of the splined portion and 
the diameter of the tip portion of the small diameter portion on the splined portion 
side. 

As a result of this, as compared to the conventional shank, the size in the 
radial direction of the cut back portion 14b is made smaller. Accordingly, strength of 
a diameter peripheral portion of a spline pitch circle is reduced as compared to the 
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conventional shank, and the splines 14c become easier to bend in a circumferential 

direction of the shank 10. 

Accordingly, with the shaft 1 of the second embodiment, in addition to effects 
(2), (4) and (5) of the first embodiment, the following effects can be obtained. 

(1) In the second embodiment, the cut back portion 14b formed at the end 
portion of the splined portion 14 at the large diameter portion 11 side and the tapered 
portion 12 are connected by the continuous extension of both (the plurality of) the 
first curved portion 23a and the second curved portion 23b. Accordingly, effects (1) 
and (3) of the first embodiment can be obtained. 

(Third Embodiment) 

Next, a detailed explanation will be given of the shaft 1 of a third embodiment 

of the present invention. 

In the third embodiment, as shown in FIG. 4, the configuration of the shank 10 
between the cut back portion 14b of the splined portion 14 and the small diameter end 
portion of the tapered portion 12 is different to that of the previous embodiments. 
Namely, a first curved portion 33a; a second curved portion 33b having a radius of 
curvature that is different to that of the first curved portion 33a; and a flat portion 35 
which is a straight portion having a radius that is constant with respect to the shaft 
axis, are interposed and extend continuously in this order between the cut back 
portion 14b and the tapered portion 12, form the tapered portion 12 side. Namely, 
two curved portions and one straight portion are provided between the cut back 
portion 14b and the tapered portion 12. 

Respective end portions of the first and second curved portions 33a and 33b at 
the large diameter portion 11 side are formed so as to have larger radiuses with 
respect to (distance from) the shaft axis of the shank 10 than the cut back portion 14b. 

Moreover, as with the first embodiment, there is a diameter difference d3 
between the diameter of a portion of the groove portion 14a of the splined portion 14, 
excluding the cut back portion 14b, and the diameter of the end portion of the second 
curved portion 33b near to the splined portion 14. 

In FIG. 4, the externality of the conventional shaft, which is configured by 
splined portion 104 and small diameter portion 103, is indicated by two-dotted chain 
line. Further, text H indicates the size of the small diameter portion 103 of the 
conventional shaft. 
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Accordingly, with the shaft 1 of the above described third embodiment, in 
addition to effects (2), (4) and (5) of the first embodiment, the following effects can 
be obtained: 

(1) In the third embodiment, the cut back portion 14b formed at the end 
portion of the splined portion 14 at the large diameter portion 11 side and the small 
diameter end portion of the tapered portion 12 are connected by the continuous 
extension of the flat portion 35, and the first and second curved portions 33a and 33b, 
from the cut back portion 14b side. Namely, one flat portion and two curved portions 
continuously connect the cut back portion 14b and the tapered portion 12. 
Accordingly, effects (1) and (3) of the first embodiment can be obtained. 
(Fourth Embodiment) 

Next, the shaft 1 of the fourth embodiment of the present invention will be 
explained in detail with reference to FIG. 5. 

With the fourth embodiment, as shown in FIG. 5, the configuration of the 
shank 10 between the cut back portion 14b of the splined portion 14 and the small 
diameter end portion of the tapered portion 12 is different to that of the previous 
embodiments. Namely, a first curved portion 43a, a first flat portion 45a which is a 
straight portion that is a constant distance from the shaft axis; a second curved portion 
43b; and a second flat portion 45b which is a straight portion that is a constant 
distance from the shaft axis, are interposed and extend continuously in this order 
between the cut back portion 14b and the tapered portion 12, form the tapered portion 
12 side. Namely, two curved portions and two straight portions are provided between 
the cut back portion 14b and the tapered portion 12. 

Respective end portions of the first and second curved portions 43a and 43b at 
the large diameter portion 11 side are formed so as to have larger diameters with 
respect to (distance from) the shaft axis of the shank 10 than the cut back portion 14b. 

Moreover, as with the first embodiment, there is a diameter difference d4 
between the diameter of a portion of the groove portion 14a of the splined portion 14, 
excluding the cut back portion 14b, and the diameter of the end portion of the second 
curved portion 43b near to the splined portion 14. 

In FIG. 5, the externality of the conventional shaft, which is configured by 
splined portion 104 and small diameter portion 103, is indicated by two-dotted chain 
line. Further, text H indicates the size of the small diameter portion 103 of the 
conventional shaft. 
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Accordingly, with the shaft 1 of the fourth embodiment, in addition to effects 
(2), (4) and (5) of the first embodiment, the following effects can be obtained: 

(1) In the fourth embodiment, the cut back portion 14b formed at the end 
portion of the splined portion 14 at the large diameter portion 11 side and the small 
diameter end portion of the tapered portion 12 are connected by the continuous 
extension of the first and second curved portions 43a and 43b, and the first and second 
flat portions 45a and 45b. Accordingly, effects (1) and (3) of the first embodiment 
can be obtained. 

(2) Moreover, the two straight portions, namely, the first flat portion 45a and 
the second flat portion 45b, are provided. Accordingly, it is possible to regulate 

dispersal of stress. 

(Verification of the Effects of the First to Fourth Embodiments) 
Next, calculated results for respective ratios of stress generated (hereinafter 
referred to as "generated stress ratio") in specific portions of the respective shanks 10 
of the respective shafts 1 of the first to fourth embodiments and the shank 100 of the 
conventional example will be explained. Generated stress in specific portions of the 
shanks 10 and 100 were measured, and ratios of the generated stress in each specified 
portion of each embodiment and generated stress in corresponding portions of the 
conventional example were calculated. 

It should be noted that in order to make the dimension sizes of the shafts of 
each embodiment and the conventional example equal, the diameter of outer 
peripheral of splined portion 14 of the shanks 10 and 100, and the diameter of the 
large diameter portions 11 and 101 were set so to be equal. Moreover, the axial 
direction length of the tapered portions 12 and 102, and the angle formed by the 
tapered portions 12 and 102 with respect to the shaft axis of the shanks 10 and 100 
were set to be the same. In addition, the axial direction distance from the large 
diameter portion to the final end surface (which corresponds to the left end surface of 
the shank 10 in FIG. 1) of the shanks 10 and 100 was set to be the same, and 
respective inward joint members having the same size were used for fitting onto the 
splined portions 14 and 104. 

The specified portions of the shanks 10 and 100 were the portions A to C 

detailed below: 

A: The cut back portions 14b and 104b 

B: The second curved portions 23b, 33b and 43b 
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C: The first curved portions 13a, 23a, 33a and 43a and the curved portion 

102b 

With regard to the second curved portion 13b of the first embodiment, the 
generated stress has not been estimated. Moreover, since there is no point that 
corresponds to the second curved portion in the case of the conventional example, 
measurement has not been conducted for the conventional example either. 

PIG. 8 (a) is a chart that shows stress ratios for each specified portion when 
the stress generated in portion A of the conventional example is set at 1. 

In addition, FIG. 8 (b) is a bar graph that shows stress ratios of each specified 

portion. 

As shown in FIG. 8 (a) and FIG. 8 (b), with the first embodiment, as compared 
to the conventional example, stress is reduced in the specified portion A (the cut back 
portion 14b). 

If the second embodiment is compared to the conventional example, stress in 
the specified portion C (the first curved portion 23a) and stress in the specified portion 
A (the cut back portion 14b) are both reduced. Moreover, with the second 
embodiment, diffusion of stress occurs efficiently in the specified portion B (the 
second curved portion 23b), as well as in the specified portions A and C. 

If the third embodiment is compared with the conventional example, the stress 
in the specified portion C (the first curved portion 33a) and the stress in the specified 
portion A (the cut back portion 14b) are both substantially reduced. In particular, the 
stress generated in the specified portion C (the first curved portion 33a) is reduced. In 
addition, substantial stress is generated in the specified portion B (the second curved 
portion 33b). However, this stress is less than the stress of the specified portion A 
(the cut back portion 104b) of the conventional example. 

Comparison of the fourth embodiment and the conventional example shows 
that stress in the specified portion A (the cut back portion 14b) is reduced. Moreover, 
with the fourth embodiment, the diffusion of stress occurs efficiently in the specified 
portion B (the second curved portion 43b), as well as in the specified portions A and 
C. 

(Fifth Embodiment) 

Next, the shaft 1 of a fifth embodiment according to the present invention will 
be explained in detail with reference to FIG. 6. 
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In the fifth embodiment, as shown in FIG. 6, a curved portion 53 extends 
continuously and is interposed between the cut back portion 14b of the splined portion 
14 and the small diameter end portion of the tapered portion 12. In other words, one 
curved portion is provided between the cut back portion 14b and the tapered portion 
12. 

An end portion of the curved portion 53 at the large diameter portion 11 side is 
formed so as to have a larger diameter with respect to (distance from) the shaft axis of 
the shank 10 than the cut back portion 14b. 

Moreover, as with the first embodiment, there is a diameter difference d5 
between the diameter of a portion of the groove portion 14a of the splined portion 14, 
excluding the cut back portion 14b, and the diameter of the end portion of the curved 
portion 53 near to the splined portion 14. 

In FIG. 6, the externality of the conventional shaft, which is configured by 
splined portion 104 and small diameter portion 103, is indicated by two-dotted chain 
line. Further, text H indicates the size of the small diameter portion 103 of the 
conventional shaft. 

Accordingly, with the shaft 1 of the fifth embodiment, it is possible to obtain 
the following effects, in addition to the effects (2), (4) and (5) of the first embodiment. 

(1) With the fifth embodiment, the cut back portion 14b formed at the end 
portion of the splined portion 14 at the large diameter portion 11 side and the small 
diameter end portion of the tapered portion 12 are connected by the single curved 
portion 53. Accordingly, it is possible to efficiently disperse the stress between the 
cut back portion 14b formed at the end portion of the groove portion 14a at the large 
diameter portion 11 side, and the small diameter end portion of the tapered portion 12. 

It should be noted that the following separate modifications may also be 
applied to any of the aforementioned embodiments. 

a) With the previous embodiments, up to two straight portions are provided 
between the cut back portion 14b and the tapered portion 12. However, three or more 
straight portions may be provided. 

b) With the previous embodiments, up to two curved portions are provided 
between the cut back portion 14b and the tapered portion 12. However, three or more 
curved portions may be provided. 

c) With the previous embodiments, the respective end portions of the curved 
portions at the larger diameter 11 side were formed to be further from the shaft axis of 
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the shank 10 than the cut back portion 14b. If the end portions are formed in such a 
manner, the radius of curvature of the curved portions may be set to any value. 

d) With the previous embodiments, the straight portion was formed as a flat 
portion with a constant radius. However, this straight portion may be formed as a 
tapered portion having a radius that gradually expands from the cut back portion 14b 
to the large diameter portion 11. 

e) With the previous embodiments, when the shaft 1 is manufactured, shot 
peening is executed after quenching. However, manufacturing may be conducted 
without executing the shot peening. 

f) Further, with the previous embodiments, manufacturing was executed by: 
forming the splined portion 14 in a predetermined shape; after this, forming the first 
and second curved portions 13a and 13b by component rolling; and next, conducting 
quenching (this specific example is for the first embodiment, but a similar explanation 
pertains to the other embodiments). However, the manufacturing method is not 
limited to this. For example, shot peening may be conducted using ultra-hard beads 

after component rolling. 

g) In the previous embodiments, the shaft was embodied using a shaft of a 
universal joint, namely, a tripod joint. However, the present invention may be applied 
to universal joints other than the tripod joint, or to a shaft of a torque transmission 
member having a shank, such as a gear, a pulley, or the like. 

h) In the previous embodiments, the large diameter portion 11 is substantially 
formed at side portion of the splined portion 14 of the shank 10. Further, the tapered 
portion 12 is provided at the surface of the splined portion 14 side of the large 
diameter portion 11. However, instead of this, the large diameter portion 11 and the 
tapered portion 12 may be omitted, and, for example, the shank may be formed with 
an extended flat portion, like the flat portion 15 shown in FIG. 2. With such a 
configuration, a portion having the diameter of the flat portion 15 corresponds to the 
external diameter portion. In this case, for example, the fitting member stopper role 
may be provided by a circular groove provided in the outer periphery of the shank, 
and a clip with elastic restoring properties fitted into the circular groove. 



